Objective: The aim of this study was to evaluate the mandibular lingual foramina (LF) and canals and their anatomic variations using cone-beam computed tomography (CBCT) technology in a Lebanese population. Materials and Methods: In this study, we analyzed CBCT images of 90 adult Lebanese patients (41 males and 49 females). We assessed the number and location of the LF. In additional, we measured: (a) The distance from both the alveolar crest and the inferior border of the mandible to the LF and (b) the length of the lingual canals (LCs). The data obtained was analyzed statistically using Shapiro-Wilk normality test, t-test, Chi-square, and Fisher's exact tests. Statistical significance was set at 0.05. Results: In our sample, the LF and canals were present in 93.33% of the CBCT analyzed, and the majority (76.64%) was located above the genial tubercles. The distance from the foramen of the superior and the inferior LCs to the alveolar crest was 16.24 ± 2.82 mm and 25.49 ± 2.43 mm, respectively. The distance from the foramen of the superior canal to the inferior border of the mandible was 14 ± 2.32 mm. The mean length of the superior canal was 5.81 ± 1.6 mm and 4.25 ± 1.2 mm for the inferior one. There were no gender-related differences in the anatomic characteristics of the LF and canals except for the distance measured from the superior canal foramina to the alveolar crest where the measurement was significantly greater in males compared to females. Neither the number of canals nor the positions of the foramina were different between males and females. Conclusion: Within the limits of this study, we concluded that in our sample of Lebanese adults, there was substantial variability in the LF and canals anatomy and location.
In fact, many authors reported a wide hematoma with a large swelling of the floor of the mouth leading to a serious upper airways obstruction during implants placement in the anterior region of the mandible; this condition being related to the lingual cortex rupture/perforation. [4] [5] [6] [7] Introduction T he lingual foramina (LF) and their bony canals (LCs) are located at the internal surface of the anterior region of the mandible. [1] Studies conducted on cadavers have shown that branches from the sublingual and/or submental arteries go through these anatomic structures. [2] Therefore, despite being generally considered as a safe area when performing surgical procedures, this mandibular region may present real life-threatening hemorrhage from the above cited arterial branches following the lingual cortical plate trauma.
In this respect, it is essential to assess carefully the said region by a good preoperative clinical examination including radiological imaging taking advantage of the technological advancement represented by the cone-beam computed tomography (CBCT) which provides a more accurate evaluation.
The aim of this study was to evaluate the LF and the LCs of the mandible and their anatomic variations in a Lebanese population.
Materials and Methods
This was a retrospective study which analyzed CBCT scans of Lebanese adult patients performed at a specialized maxillofacial imaging center in Beirut, Lebanon.
All volumes were taken before implant placement as a part of the patients' treatment plan.
Patients were informed that the images might be anonymously used for research purposes at a later stage and their consent were obtained. The study got the approval of the Center Institutional Board.
The CBCT scans were acquired using the PaX-Zenith3D © machine (Vatech, Co., Ltd., Yongin-Si, Republic of Korea). The technical parameters ranged between 70-100 kVp and 7-15 mA, with an exposure time of 20 s and field of views (FOVs) were restricted to the zone of interest according to the clinical case, with respect to the "As Low as Reasonably Achievable" principle. The same FOV (80 mm × 60 mm) was used to have the same resolution on all data sets and minimize its influence on LF and canals detection.
The inclusion criteria in this study included the age of 18 years and above and the absence of any deformities in the mandible.
Ninety CBCT images of 41 males and 49 females with age ranging from 18 to 72 years meeting the inclusion criteria were selected and enrolled in the study.
The images were reviewed by two oral and maxillofacial radiologists with more than 15 years of experience. Before the study, the two observers shared software instructions and repeated appropriate manipulations for proper calibration of data collection. The evaluation procedure extended over four sessions spaced by a week.
To assess errors, all measurements were repeated by the same examiners 3 weeks after the first round without having in hands the initial results. In the case of any disagreements, the mean of the two values were taken into consideration. Measurements were made with a thickness cut of 0.5 mm and an interval between the cuts of 0.5 mm.
For distance measurements, one tangent line to the alveolar crest and another one to the inferior border of the mandible were traced; measurements in millimeters were made by drawing a vertical line to these horizontal lines [ Figures 2-4 ].
Statistical analyses
An initial assessment of the measured variables using Shapiro-Wilk normality tests revealed that the data, stratified in the gender groups, followed a normal distribution and subsequently, allowed the use of parametric tests.
Descriptive statistics of the outcome variables were performed to generate minimum, maximum, mean, and standard deviation of the continuous variables. In addition, the frequency and percentage were computed for the categorical variables.
An independent-samples t-test was run to determine if there were differences in the LF-LCs anatomic characteristics between males and females. The difference between genders in the categorical outcome measures related to the foramina position was assessed using the Chi-square test for association, replaced by Fisher's exact test when the expected cell count was below 5.
The IBM ® SPSS ® 20.0 (USA) statistical package was used to carry out all statistical analyses. Statistical significance was set at 0.05.
Results

Descriptive statistics
The sample included 90 CBCT radiographs of 41 males (45.6%) and 49 females (54.6%), where 107 foramina-canals were identified [ Table 1 ].
The mean age was 39.34 ± 14.79, ranging from 18 to 72 years [ Table 2 ].
The age was similarly distributed between males and females (P = 0.919) [ Table 3 ].
In 6 out of the 90 investigated mandibles (6.7%), the LF-LC could not be located. The remaining individuals presented with either one foramen-canal (68.9%) or two (23.3%). Only one female patient had three foramina-canals (1.1%) [ Table 1 ].
The majority of the LF (76.64%) was located above the genial tubercles, and the remaining 25 (out of 107) were located below the tubercles [ Table 1 ]. The anatomic characteristics of the LF varied across the total sample. The distance from the LF (the superior) to the alveolar crest ranged from a minimum of 9.2 mm to a maximum of 25 mm, with an average of 16.24 mm (16.24 ± 2.82 mm) and the similar distance measured to the second LF (the inferior), if present, was 25.49 ± 2.43 mm [ Table 2 ].
The distance from the LF (the superior) to the inferior border of the mandible was 14 ± 2.32 mm [ Table 2 ].
Values for the length of the LCs lied between 3 and 10.7 mm for the superior and 2.1-7.1 mm for the inferior one. The mean length of both the superior and inferior canals was 5.81 ± 1.6 mm and 4.25 ± 1.2 mm, respectively [ Table 2 ].
Gender differences
There were no gender-related differences in the anatomic characteristics of the LF-LCs except for the distance measured from the superior canal foramina to the alveolar crest (P = 0.006). This measurement was significantly greater in males (17.12 ± 2.88 mm) than females (15.45 ± 2.54 mm) [ Table 3 ].
Neither the number of canals ( 2 = 4.936, P = 0.135) nor the position of the foramina ( 2 = 0.23, P = 0.461) were different between males and females [ Table 4 ].
Discussion
Nowadays, dental implants are considered as the preferred line of treatment for the prosthetic rehabilitation of edentulous patients. When performed in the anterior region of the mandible, these procedures can result in the lingual cortical perforation leading to a life-threatening hemorrhage from the arteries of the LCs. Thus, knowledge of the region anatomy could be essential to prevent per-and/or post-operative complications.
Many researchers studied the anatomic variations of the LF-LCs in different populations; [2, [8] [9] [10] in the present study, we investigated them in a Lebanese population.
Presence of lingual foramina-lingual canals
In our sample, 84 out of 90 CBCT (93.33%) showed at least one LF. Our findings disagree with what has been reported by Sheikhi et al., [8] Tepper et al., [11] and Babiuc et al., [12] who suggested that LF were found in 100% of the cases examined. This difference may be due to ethnicity reason or to the limited samples' size of Tepper et al., (n = 70), and Babiuc et al., (n = 36).
On the other hand, Longoni et al., [3] found at least one LF in 80% of dry skull mandibles and 60% of CT scans examined.
According to Jacobs et al., [13] 82% of LF were noticed in 230 spiral CT scans. One possible interpretation for this disagreement is the imaging technique used; in this study, the thickness cut was set to 0.5 mm and an interval of 0.5 mm between the cuts unlike the 1 mm thickness used by Jacobs et al., which masks smaller bony structures.
Number and location of lingual foramina
In this study, the single LF was the most frequent (68.90%) followed by 2 LF (23.3%). Only one female patient had 3 LF (1.1%). The study results corroborate those of Tepper et al., [11] Babiuc et al., [12] and Liang et al., [14] but disagree with the findings of Sheikhi et al., [8] who noticed that double foramina are the most frequent (52.9%), and Choi et al., (40%). [10] Interestingly, Sheikhi et al., [8] and Choi et al., [10] detected 4 foramina in, respectively, 3 out of 102 (2.9%) and 3 out of 20 (15%) mandibles assessed. Similarly, 5 LF were observed by Gahleitner et al. [15] As for the LF location, in this study, the majority (76.64%) was found above the genial tubercles; among these all the single LF-LC. Furthermore, when there were two or more LF, they were located above and below the tubercles. Consequently, our results support those of Sheikhi et al., [8] and Babiuc et al. [12] As for gender difference, neither the position of the LF ( 2 = 0.23, P = 0.461) nor their number ( 2 = 4.936, P = 0.135) were statistically different among males and females.
Distance between the lingual foramina and the inferior border of the mandible and the alveolar crest The distance separating LF from the alveolar crest is an essential factor to be taken into consideration to avoid per-operative complications. Consequently, the aforementioned canals must be correctly investigated before any implant placement.
In this study, the average distance between the superior LF and the alveolar crest was 16.24 ± 2.82 mm. These results corroborate those of Sheikhi et al., [8] and Babiuc et al., [12] who noticed for this distance a mean of 18 ± 5.63 mm and 14.2 ± 4.34 mm, respectively. From a clinical view, this leads to carefully choose the implant length, especially in atrophied mandibles. [8, 16] As for the average distance from the superior LF to the inferior border of the mandible, in this study, it was found to be 14 ± 2.32 mm. Our result was slightly superior when compared to that of Sheikhi et al., [8] Choi et al., [10] Babiuc et al., [12] and Liang et al., [14] who noted respective distances of 10.08 ± 2.06 mm, 12.58 ± 2.49 mm, 11.2 ± 3.1 mm, and 11.5 ± 2.8 mm.
In addition, regarding the distance between the inferior LF and the alveolar crest, in our sample, the measurements ranged from 20.7 to 28.9 mm (25.49 ± 2.43 mm).
Statically, there were no gender-related differences in all the distances measured except for the distance measured from the superior LF to the alveolar crest (P = 0.006) which turned out to be significantly greater in males (17.12 ± 2.88 mm) than that of females (15.45 ± 2.54 mm).
Length of the lingual canals
In another concern, the mean length of both, the superior and inferior LCs, was 5.81 ± 1.6 mm and 4.25 ± 1.2 mm, respectively. As a result, this shows that in our study, the length of LC was slightly lesser than those of Sheikhi et al., (7.83 ± 2.25 mm for the superior and 6.33 ± 1.65 mm for the inferior LCs), [8] and Liang et al., (6.8 ± 2.3 mm for the superior LCs and 6.1 ± 2.6 mm for the inferior ones). [14] Finally, as a matter of fact, this study aiming to assess the LF-LCs in a Lebanese population is not without limitations. Although most measurements were taken with high reliability, the limited number of canals assessed makes necessary the investigation on a larger group of patients which lead to more accurate results. 
Conclusion
In our sample of Lebanese adults, there was a significant variability in the mandibular LF and their bony canals anatomy and location. Given the serious risk in case of underestimation, these structures must be taken into consideration before implant placement procedures in the region to prevent possible complications such as extensive life-threatening hemorrhage. In this respect and for safety reasons and higher success rates, a preoperative CBCT is highly recommended.
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